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Abstract 
Recently, there are small wind turbine developments which are suitable for urban and suburban application. However, 
the efficiency of the wind turbine is the main concern for all researchers due to the uncertainty of wind speed and 
wind direction in urban area. In this paper, a new power augmented shroud integrated with vertical axis wind turbine 
(VAWT) is introduced. This power augmented shroud is able to improve the performance of the VAWT significantly 
by increasing the wind speed. It also channels the flow to better angle of attack for the VAWT and reduces the 
negative torque of the wind turbine. Hence, it improves the self-starting behaviour of the VAWT, and increases the 
coefficient of power. The numerical method is used to simulate the wind flow for the power augmented shroud with a 
single bladed NACA 0015 airfoil VAWT by commercial computational fluid dynamic (CFD) software, ANSYS 
FLUENT 14.0. In this 2D simulation, the shear stress transport (SST) k-ω turbulence model with the sliding mesh 
method was used with the tip speed ratio of 5.1 for the wind turbine. The result was verified by re-simulating the 
experiment published by the Sandia National Laboratories. The simulation result shows that the new design of power 
augmented shroud is able to increase the coefficient of power significant for the VAWT which is about 147.1% 
compared to the bare VAWT. Therefore, for urban area application, this power augmented shroud can improve the 
low efficiency problem for the VAWT. 
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1. Introduction 
 
Wind energy has been used since hundreds years ago. Due to the energy demand increase and the 
depletion of fossil fuel, this clean technology has been developing rapidly. For urban area, because of the 
unsteady wind flow, some of the wind turbines utilize stator vanes to further increase the efficiency. 
Sistan wind mill system which is driven by drag force with additional wing wall, top and bottom disk 
shows increase in the efficiency of the turbine [1]. Similarly, Yao et al. used a drag driven VAWT system 
with additional tower cowling which consists of eight baffles plates evenly distributed axially to the drag 
type Savonius VAWT [2]. The Zephyr turbines used stator vanes distributed evenly with reversed 
winglets and increase the power generated. These stator blades reduce the turbulence flow hence decrease 
the aerodynamic loading on the blade [3]. 
 
Chong et al. has developed the power augmented guide vane (PAGV) which further improved to 
become the omni-direction guide vane (ODGV). This ODGV orients the inlet air and increase the wind 
speed to the VAWT blades, hence improves the VAWT self-starting behaviour where it improves the cut 
in speed, and increases the operating hour. The design of the guide vane can minimize the negative torque 
created on the lift type wind turbine [4].  
2. Methodology 
2.1 Design of power-augmented shroud 
 
This paper presents the design of the power augmented shroud which is known as the new ODGV that 
can increase the coefficient of torque and the coefficient of power. Figure 1(a) shows the original ODGV 
design whereas Figure 1(b) is the new ODGV design. Both the designs have four pairs of guide vanes, 
and each pairs of the guide vanes are tilted at angle 20o, and 55o. The outer diameter of the ODGV is 
twice of the VAWT rotor diameter. For the new design ODGV, the guide vanes are divided into two 
segments with same length and bent at 10o angle.  
 
   
 
Figure 1:  a) Original ODGV design          b) New ODGV design 
 
2.2 Numerical flow simulation 
 
The simulation was verified by re-simulating the NACA 0015 airfoil single bladed VAWT 
which accomplished by Oler et al. published by the Sandia National Laboratories [5]. According to the 
Oler’s experiment, a straight-single-bladed rotor with NACA 0015 was built, and the water was used as 
the working fluid to facilitate the relatively low frequency measurements while working at appropriate 
blade Reynolds numbers. The experiment parameter shows in Table 1. 
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Table 1: Oler’s experiment parameter [4, 5] 
 
Parameter Value   Parameter Value 
Chord length, c (m) 0.1524   Inlet velocity, v (m/s) 0.091 
Rotor tip speed, RZ (m/s) 0.457  Rotor radius, R (m) 0.61 
Reynolds number, Re 67,000   Width, W (m) 5 
Tip speed ratio, TSR 5.1  Length, L (m) 10 
 
2.3 Geometry modelling, mesh & computational condition of ODGV 
 
In this simulation, there are two geometry models hence two meshes were created. The VAWT space 
as shown in Figure 2(a) and the tunnel space as shown in Figure 2(b). For the VAWT space, it consists of 
the single blade NACA 0015 airfoil. The VAWT space was divided to 3 regions, which were the airfoil 
space, subgrid, and the main grid. Whereas for the tunnel space, it was meshed according to the Oler’s 
experiment tunnel dimensions with the ODGV was located at the center. 
 
     
Figure 2: a) Airfoil mesh     b) Tunnel mesh 
 
The simulation was set to be pressure-based, transient and according to the properties of water. SST k-
Z model was applied as the turbulence model and the rotational sliding mesh technique is used to 
simulate the motion of the blade. The SIMPLE Pressure-velocity coupling and the second order of 
upwind discretization scheme were chosen for the simulation. The non-dimensional coefficient of torque, 
Ct data which was produced on the airfoil blade was captured for every 10 degree azimuth angle. The data 
were being averaged as the average coefficient of torque, Ct,avg. 
 
3. Results and discussions 
 
The torque coefficient versus azimuth angle that was captured from the simulation is plotted and 
compared to the Oler’s experiment data at TSR 5.1 (inlet velocity, v = 0.091m/s). From the simulation 
results, it demonstrated a good agreement between the bare VAWT and the Oler’s experiment data as 
shown in Figure 3. When compared with Chong et al. simulation on the original ODGV design integrated 
with VAWT [4], the simulation result also shows similar pattern. Figure 3 shows that the ODGV can 
improve the Ct significantly, moreover, the new ODGV reduces the negative torque at the second half 
cycle and further improves the Ct. The result for the simulation is summarized in Table 2. 
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Figure 3:  Coefficient of torque versus azimuth angle for bare VAWT, VAWT with original ODGV and VAWT with new ODGV 
 
Table 2: Comparison of coefficient of torque and coefficient of power 
 
 VAWT With original ODGV With new ODGV 
Average Coefficient of Torque, Ct,avg 0.2158 0.4052 0.5333 
Coefficient of Power, CP 0.1375 0.2581 (+87.7%) 0.3398 (+147.1%) 
 
4. Conclusion 
 
To conclude, the new ODGV design that is integrated with VAWT is appropriate to be used in urban 
area where the wind speed and direction is inconsistent. The design can reduce the cut in speed, so that 
the VAWT has a better self-starting behaviour, hence a longer operating hour. The coefficient of power 
increases about 31.65% compared to original ODGV design. When compared to the bare VAWT, it is 
about 147.1% improvement. 
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